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Improvements in or relating to the Manufacture of Phosgene 



We, Dennis BarnruiuT, a British. 
Subject, of 39, Alexandra Road, Thorn- 
ton, near Blackpool, and Iicpjshxax 
Chemical LrarsTiiiES Limited, a British 
5 Company, of Imperial Chemical House, 
Mill bank, London, S.W.I, do hereby 
declar e the nature ef this invention to be 
as follows: — 

This invention relates to an improved 

10 process for the manufacture of phosgene. 
It is well known that phosgene is manu- 
factured from the reaction of chlorine 
with carbon monoxide in the presence of 
a catalyst. . In such processes it is usual 

15 to tvht dry chlorine with a slight excess 
of dry carbon monoxide, e.g. in the form 
of producer gas, and to pass the mixture 
at approximately atmospheric pressure 
and at a temperature of 150° to £00° C. 

20 through one or more reaction vessels 
containing a catalyst, which may be 
charcoal. The combination of the chlorine 
and carbon monoxide takes place readily, 
but for commercial operation it has been 

25 found necessary to provide bulky reac- 
tion vessels which necessitates a consid- 
erable amount of attention being paid to 
control of the process. Further, the 
treatment of the phosgene coming from 

30 the reaction vessels in order to liquefy it 
for transport, or to render it available 
for use in other manufacturing processes, 
fVeouently involves a compression step 
_ which has many undesirable features. 

35 We have now found, unexpectedly, 
that many marked advantages accrue 
when the reaction "between chlorine and 
carbon monoxide in the presence of a 
catalyst is carried out under a substan- 

40 tially Miperatniospheric pressure. 

For example, by effecting the reaction 
under a pressure- of 20 lbs. per square inch 
(gauge- pressure) we have found that the 
reaction vessel need only be one-fortieth 

45 of the xize of that required for the same 
output when working at atmospheric 
pressure. With still higher pressures, say 
up to 150 lbs. per square inch, even 
smaller vessels may be used. With such 

50 reduced sizes .of reaction vessel consider- 
ably less supervision and attentiou is 
needed, and the requisite control of the 
temperature of the vessels is very much 
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more - easily effected than in the case of 
the larger vessels which have been used 55 
hitherto. Further, the recovery, in a 
transportable form of a large proportion 
of the phosgene produced is attained by a 
simple cooling of the gases from the reac- 
tion vessel. 60 

In carrying out a process according to 
the invention various forms of apparatus 
may be used. For example, we have found 
it convenient to use as reaction vessels, 
sets of lead-lined mild steel tubes packed 65 
with a catalyst such as activated charcoal, 
and xirovided with means for supplying 
cooling water ro the outside of the tubes 
in order to effect the necessary tempera- 
ture control. Alternatively, an annul us 70 
packed with catalyst and cooled on both 
external and internal surfaces may be 
used. Advantageously the process is 
carried out in two such reaction vessels 
arranged in series, the first being 76 
operated at a higher temperature than 
the second. With this arrangement and 
using a slight excess of CO we have 
found it possible to obtain a final product 
substantiallv free from unreacted 80 
chlorine. Suitable operating conditions 
whereby this result can be achieved are 
conditions* such that the exit gas from 
the first tower has a temperature not 
exceeding 280°C, the gas being then 85 
cooled to approx. 30 *C. before delivery, 
to the second tower. The exit gas from 
the second tower should have a tempera- 
ture not exceeding 60 °C. 

The dry reacting gases may be supplied 90 
to the reaction vessels in any convenient 
way. For example, the chlorine may T>e 
vaporised from a cylinder or it may be 
taken from a manufacturing process, 
dried, and then compressed to the 95 
required pressure for supply to the reac- 
tion vessel. The carbon monoxide may be 
used as producer gas, or it may be pre- 
pared as a high strength gas from oxy- 
gen, and coke. In either case it is freed 100 
from "dust, etc., dried and compressed. 
The separately compressed gases are then 
mixed aud passed to the reaction vessel. 
Alternatively, the dry gases may, if 
desired, be mixed at normal pressure and 105 
the mixture then compressed for supply 
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io tlie reaction vessels. 

The gas issuing from the reaction 
system may, frith advantage, be used 
directly in any appropriate reaction for 
6 the manufacture of another chemical. 
For this -purpose 'it may be used under 
the pressure maintained in its manufac- 
ture or after any appropriate reduction. 

Alternatively, if it is desired to trans- 
10 port or store the phosgene the major por- 



tion may be readily obtained as liquid 
by a simple cooling-, and the liquid trans- 
ferred directly to suitable containers. 
Any i*esidual phosgene remaining ia the 
tail gas can be recovered in an appropriate 15 
absorption system. 



Dated the 4th day of October, 
•T. TT. RIDSDALE, 
Solicitor for the Applicants 
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TTe, Dennis Brvxdiut, a British 
Subject, of 39, Alexandra Road, Thorn- 
ton, near : Blackpool, and Iicperiax. 
20 CHEiUCAL IxnrsTiirES Ldiited, a British 
Company, of Imperial Chemical House, 
Millbank London, S.AV.l, do hereby 
declare the nature of this invention and 
in what manner the same is to be per- 
26 formed, to be particularly described and 
ascertained in and by the following 
statement : — 

This invention relates to an improved 
process for the manuf acture of phosgene. 
It is/ "well known that phosgene ia 
manuf ae hired by the reaction of chlorine 
with carbon monoxide in the presence of 
a catalyst. In such nroeesses it is usual to 
mix dry chlorine with a slight excess of 
dry carbon monoxide, for example in the 
form of producer gas. and to pass the 
mixture at ; approximately atmospheric 
pressure and at a temperature of 150° C. 
to 200° C. through one or more reaction 
40 vessels containing a eaTalyst. which may 
be charcoals the combination of the 
chlorine and carbon monoxide takes place 
readily, but for commercial operation it 
has been found necessary to provide 
46 bulky reaction vessels which necessitates 
a considerable amount of attention being: 
paid to control of the process. Further, 
the treatment of the phosgene coming: 
from the reaction, vessels in order to 
50 liquefy it for transport, or to render it 
available for use in other manufacturing 
processes, frequently involves a compres- 
sion step which has many undesirable 
features. It is also necessary to treat the 
55 tail' gas from the liquefaction step either 
to recover the phosgt-ue by adsorption, 
for example on active charcoal, or to 
strip it from the effluent gas by contact 
with aqueous caustic soda. The i-oinpres- 
00 sors used in the liquefaction "?ta^e cause 
the reaction system to be maintained 
under slight suction <o that leakage of 
air into the svstem may occur, causing an 
increase in ttie volume of tail gas, thus 
55 increasing the load on the recovery or 
stripping system. It is evident that any 



method of diminishing the volume of the 
tail gas will improve this part of the 
process. 

According to the present invention a 
process for the production of phosgene 
comprises reacting chlorine with carbon 
monoxide in the presence of a catalvst 
for the reaction under a substantially 
superatmospheric pressure. 

It has been found unexpectedly that 
many marked advantages accrue by using 
a substantially superatmospheric pressure 
in this reaction. It is, of course, well 
known that in a balanced gas reaction of 
the type A + B = C an increase in pressure 
will favovi the proportion of A autl B 
converted ic C. In the particular ca.-e of 
the production of phosgene from chlorine 
and carbon monoxide, however, no advan- 
tage was to be expected on tlu^e grounds 
since even at atmospheric pressure aud 
-at the temperatures normally employed 
in the process substantially complete con- 
version to phosgene is achieved. In fact, 
no significant increase in conversion 
efficiency does reult by using the super- 
atmospheric pressures with which the 
present invention is concerned. On the 
other hand advantages do accrue in that 
the interior of the reaction system is 
maintained at a pressure above atmos- 
pheric, so that it is possible to avoid 
leakages of air into the system with the 
consequent increase iu volume of the tail 
gas and tints decreased load on the 
adsorption or strippiug <ysteiu. Farther, 
the greater thermal conductivity of the 
reaction gases at .the incrc;»*ed pressure 
allows the construction of the catalyst 105 
chamber to be modified to give increased 
cooling efficiency, and tin* in turn 
enables a more active catalyst to be used 
than has hitherto been p<»>sible without- 
causing undesirable increasi-n in catalyst 110 
temperature. Thus an activated coconut 
charcoal catalyst can be \i<«»d where- 
hit her to less efficient una diva led wood 
charcoal has beeu necessary to avoid too 
great an evolution of heat. 115 

As a result of all these factors it has 
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been found that . a very considerably 
e nhan ced output using' a given volume of 
catalyst can be achieved, or alternatively, 
-the same output can be obtained with a 
5 very much * diminished catalyst volume. 
Thus, for example, by effecting- the reac- 
tion under a pressure of 20 lbs. per square 
inch (gauge pressure) it has been found 
that the reaction vessel need only be one- 
10 eightieth of the Bize of that required 
for the same output -when working- at 
atmospheric pressure. With still higher 
pressures, say up to 150 lbs. per square 
inch (gauge pressure) even smaller 
15 vessels may be used. 

Still further advantages accrue in that 
with such reduced size of reaction vessel j 
considerably less supervision, and atten- 
tion are needed, and the requisite control 
20 of the temperature of the vessel is ren- 
dered easier on this account also. Further, 
the liquefaction of a large proportion of 
the phosgene produced can be attained 
by a simple cooling of the gases from the 
25 reaction vessel.* 

In carrying out a process according to 
the invention, various forms of apparatus 
may be used. For example, it has been 
found convenient to use as reaction vessels 
30 sets of lead-lined mild steel tubes packed 
with a catalyst such as activated charcoal, 
and provided with means for supplying 
cooling water to the outside of the tubes 
in order to effect the necessary tempera- 
35 tore control, that is, to maintain the 
temperature of the tubes below about 
280 C. "Cjilined steel tubes may also be 
used, although a lower •mn.Tn'mnTn tem- 
perature, about 150°C, is set by corrosion 
40 difficulties. Alternatively, an annultis 
packed with catalyst and cooled on 'both 
. external and internal surfaces may be- 
used. Advantageously the process is 
carried out in two such reaction vessels 
45 arranged in series, the second being 
operated at a lower temperature than the 
first. With this arrangement and using a 
slight excess of CO it is possible to obtain 
a final product substantially free from 
50 unreacted chlorine. Suitable operating 
conditions whereby this result can be 
achieved are conditions such that the 
exit gas from the first tower has a tem- 
perature not exceeding 280 °C. in "the 
55 case of a lead liaed chamber, or 150° C. 
in the case of .an unlined mild steel 
chamber, the gas being then cooled to a 
temperature not exceeding 60 *C, suit- 
ably to approximately 30 T M before 
60 delivery to the secoud tower. 

Liquid phosgene can then be recovered 
from the exit gas by cooling, for 
example to -40*C. to -55°0. and 
separating out the phosgene whirb lique- 
65 fies. .The tail gas can then either be 



passed over a charcoal adsorption unit to 
adsorb the small amounts of phosgene in 
it for subsequent recovery, or the tail 
gas from the liquefaction may be washed 
with* aqueous caustic alkali to destroy 70 
the phosgene therein. 

The process may be carried out with a 
pressure in the reaction vessels as low as 
20 to 25 lbs. per* square inch (^auge pres- 
sure), although if desired, much greater 75 
pressures up to 300 lbs. per square inch 
(gauge pressure) may "be used. In 
general, however, gauge pressures of the 
order of 150 lbs. per square inch will be 
found, most suitable since all the advan- 80 
tages of the invention are realised without 
incurring a greater expense in compres- 
sing the reaction gases than is warranted 
by the improved recovery of the phos- 
gene from the tail gases. 85 
■ The dry reacting gases may be sup- 
plied to the reaction vessels in any con- 
venient way. For example, the cnlorine 
may be vaporised from a cylinder or it 
may be taken from a manufacturing pro- 90 
cess, dried, and then compressed to the 
required pressure for supply to the reac- 
tion vessel. The c;:.rbon monoxide may 
be used as producer gas, or it may be 
prepared as a high strength gas from 95 
oxygen and coke. JCn either case it is 
freed from dust and the like, dried and 
compressed. Compressing the reaetants - 
does not offer the great difficulties and 
inconveniences associated with the com- 100 
pression of phosgene. The separatelv 
compressed gases are then mixed and 
passed to the reaction vessel. Alter- 
natively the dry gases may, if desired, 
be mixed at normal pressure and the 1.05 
mixture then conipreased for supply to 
the reaction vessels. 

The gas issuing from the reaction 
system may, with advantage, be used 
directly in any appropriate reaction for 110 
the manufacture of another chemical 
For this purpose it may be used under 
tne pressure maintained in its manufac- 
ture or after any appropriate reduction. 

Alternatively, if it is desired to traus- 115 
port or store the phosgene the major por- 
tion may be readily obtained as liquid 
by a simple cooling below the dew point 
for example -40°C. to -55°0., and the 
liquid transferred directly to suitable 120 
containers. Airy residual phosgene 
remaining m the tail gas can be recovered 
ln ^ n 0 Pl>ropriate adsorption system. 

Having now particularly described and 
ascertained the nature of our said inven- 125 
tion and in what manner the same is to 
he performed, we declare that what we 
claim is : — 

1. A process for the production of 
phosgene which comprises reacting 130 
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chlorine with -carbon monoxide in the 
presence of a catalyst for the reaction -at 
a substantially superatmospheric pressure. 
2. A process according to claim 1 
5 carried out at a pressure bet wee u *20 lbs. 
per square inch <~augre pressure^ and 30U 
lbs. per square inch (g^vug-e pressure! . 

A process according: to claim 1 or 
claim 2 carried out" at a pressure of 
10 approximately 150 lbs. per square inch 
(ffaug-e pressure). 

4. A process according to any of the 
preceding claims in which producer gras 
is the source of carbon monoxide. 
15 5. A process according: to any of the 
preceding- claims in which activated 
charcoal "is used as the catalyst. 

0. A process according: to any of the 
preceding claims in which reaction is 
20 effected at a temperature below 280 °C. 
7. A process, acordingr to any of the 
preceding claims 1 to 5 in which the 
reaction is carried out in two reaction 



vessels in series, the first of which is 
maintained at a temperature not exceed- 25 
ing 280* C. and the second at a tempera- 
ture not exceeding G0*C. 

8. A process according: to any of the 
preceding" claims, followed by the step 
of recovering liquid phosgene from the 30 
gaseous reaction products by cooling" 
them without subjecting .them to further 
compression. 

0. A process according* to churn 8 in 
which the gases arc cooled to between 35 
-40°C. and -5o*C. 

10. A process for the production of 
phosgene substantially as ht-reinbefore 
described. 

11. Phosgene whenever obtained by a 40 
process according to any of the preceding 
claims. 

Dated the 2nd dav of October. 1H44. 
J. T T. RIDSDALE. 
Solicitor for the Applicants. 
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